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Introduction
Esophageal cancer (EC) is the sixth leading cause of cancer mortality and the eighth most common cancer in the world [1] . According to its pathological characteristics, esophageal cancer has two main histological subtypes, esophageal squamous cell carcinoma (ESCC) and esophageal adenocarcinoma (EAC) [2] . Esophageal squamous cell carcinoma (ESCC) predominates in China, with a proportion of more than 90% of all EC [3] . Despite the application of radical esophagectomy and chemoradiotherapy, the overall 5-year survival rate of patients for EC is approximately 10-41% [4] . Recent studies reported that some oncogenic and tumor suppressive factors contribute into the development of EC; however, some of them were not conclusive [5, 6] .
miRNAs, a class of small non-coding RNAs of 20-22 nucleotides, are involved in multiple biological processes, such as cell differentiation, proliferation, oncogenesis, angiogenesis and cell invasion [7, 8] . Accumulating evidence has shown that miRNAs can act either as oncogenes or as tumor suppressors in EC [9, 10] . Here, functions of miR-491 related to cancers have been shown in recent studies. For example, miR-491 induced apoptosis by regulation of Bcl-XL, anti-apoptotic Bcl-2 family, commonly overexpressed in colorectal cancer [11] . miR-491 is involved in metastasis of hepatocellular carcinoma (HCC) by inhibition of matrix metalloproteinase and epithelial to mesenchymal transition [12] . Liu et al. found that miR-491 was decreased in the EC tissues compared with those in the paracancerous normal tissues by using miRNA array [13] . However, the potential mechanism of miR-491 and the progression of EC were not mentioned.
Targeting protein for Xenopus kinesin-like protein 2 (TPX2) impacts spindle assembly in human cells [14] . Increasing studies showed that TPX2, acts as an oncogene, and is involved in the progression of tumors. TPX2 knockdown suppressed hepatocellular carcinoma cell invasion via inactivating AKT signaling and inhibiting MMP2 and MMP9 expression [15] . TPX2 regulates tumor growth in human cervical carcinoma cells [16] . siRNA/TPX2 could inhibit the invasion and metastasis of EC cells, and may become a new approach for treatment of esophageal carcinoma [17] .
In this study, we discovered that miR-491 is reduced in EC tissues, and confirmed a functional role for miR-491 in tumor metastasis of esophageal cancer. Furthermore, our data suggested that miR-491 could regulate the invasion of EC cells by targeting TPX2.
Material and Methods

Clinical Samples
All EC tissues and the corresponding adjacent esophageal tissues were obtained from patients who had undergone routine surgery at Huai'an Hospital Affiliated of Xuzhou Medical College, between November 2009 and June 2013. All samples (n=99) were collected, immediately snap frozen in liquid nitrogen, and stored at −80 °C until RNA extraction. Our study was approved by the Ethical Committee of Huai'an Hospital Affiliated of Xuzhou Medical College, and all patients had written informed consent.
Cell culture
The human EC cell lines (Kyse140, TE-1, EC18, Eca-109, and HKESC1) and normal esophageal cell (NEEC) were purchased from the Institute of Biochemistry and Cell Biology of the Chinese Academy of Sciences (Shanghai, China). All the cell lines were cultured in RPMI-1640 medium with 10% fetal bovine serum (Invitrogen, Carlsbad, CA) and penicillin (100 U/ml) at 37˚C with 5% CO 2 .
Isolation of total RNA and Quantitative RT-PCR
Total RNA from tissue samples and cell lines were harvested using the TRIzol (Invitrogen, USA). The expression level of miRNAs was detected using Taqman MicroRNA Assay (Applied Biosystems) specific for hsa-miR-491. 10 ng of total RNA was reverse transcribed to cDNA with specific stem-loop RT primers. All the primers were obtained from the TaqMan miRNA Assays. U6 small nuclear RNA was used for normalization. Relative expression levels of E-cadherin, N-cadherin, Vimentin and TPX2 mRNA were examined by SYBR Green real-time PCR (RT-PCR) and normalized to GAPDH. RT-PCR was performed by using the ABI 7500 Fast Real-Time PCR system (ABI, CA, USA).
Cell-Proliferation Assay (Cell-Counting Kit-8)
TE-1 and Eca-109 cells were seeded into 96-well plates (6.0 × 10 3 cells per well). Cell viability was investigated by cell-counting kit-8 assay (Beyotime Institute of Biotechnology, Shanghai, China). The absorbance of each well was shown on a spectrophotometer (Thermo) at 450 nm.
Transwell assay
According to the manufacturer's protocol, Matrigel-coated invasion chambers (8 μm, Costar) were used to explore the cells invasion. Briefly, miR-491 mimic or miR-491 inhibitor transfected cells were harvested, resuspended (1 × 10 5 cells/well) in 200-μl serum-free medium, and transferred to the upper chamber of the Matrigel-coated inserts; culture medium containing 10 % FBS was placed in the bottom chamber. The cells were incubated for 24 h at 37 °C. After incubation, the noninvaded cells on the upper membrane surface were removed with a cotton tip, and the cells that passed through the filter were fixed and stained using 0.1 % crystal violet. The results were shown by counting three fields per membrane and represented the average of three independent experiments.
Western blot
Western blotting was performed according to standard protocols. All proteins were extracted from tissues or cultured cells using RIPA buffer containing PMSF (Roche, Basel, Switzerland), quantities using a protein assay (BCA method, Beyotime, China). And total proteins were fractionated by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) transferred to polyvinylidene fluoride (PVDF) membrane, blocked in 5% dry milk for 1 hour and immunostained with antibodies at 4°C overnight using anti-TPX2, anti-E-cadherin, anti-N-cadherin, anti-Vimentin (1:500, Santa Cruz, USA) and anti-GAPDH (1:5000, kangcheng, China). The integrated density of the band was quantified by Image J software (NIH). The values were read through a chemiluminescent detection system (Pierce ECL Substrate Western blot detection system, Thermo, Pittsburgh, PA) and exposed in Molecular Imager ChemiDoc XRS System (BioRad, Hercules, CA).
Transient transfection
According to the instructions provided by the manufacturer, the cells were seeded into 6-well plates. Oligonucleotides NC (control for miR491-mimics), mimics (hsa-miR-491), inhibitor NC (control for miR-491 inhibitor), inhibitor (hsa-miR-491 inhibitor) was purchased from GenePharma (Shanghai, PR China). The transfection was conducted by using Lipofectamine 2000 Reagent (Invitrogen, Carlsbad, CA, USA) at a final concentration of 100 nM. Cells were transfected with 50 nM siRNA/TPX2 and siRNA/control (GenePharma, Shanghai, China) using Lipofectamine 2000 (Invitrogen, USA).
Plasmid construction and cell transduction
The predicted target sites of 3′-UTR of human TPX2 gene or a mutant sequence with the predicted target sites was inserted into the KpnI and SacI sites of pGL3 promoter vector (Genscript, Nanjing, China). By using Lipofectamine 2000 (Invitrogen Corp, CA, USA), all the cells were plated onto 6-well plates and were transfected with 100 ng of pGL3-TPX2 or pGL3-TPX2-MUT, and miR-491 mimics (50nM). TPX2 gene was synthesized (purchased from Genscript, Piscataway, NJ) with restrictive digestion using Mlu I and subcloned pLV-GFP plasmid, it was named pLV-GFP-TPX2. All cells were transfected with lentivirus using polybrene (8ug/ml).
Luciferase activities analysis
According to the manufacturer's protocol, luciferase actions were measured in Victor 1420 Multilabel Counter (Wallac, Finland) using Luciferase Assay System (Promega, USA).
Statistical methods
In this study, the method of 2-∆Ct was used to detect the results of RT-PCR. All statistical analyses were performed using STATA 9.2, and presented with Graph Pad Prism software. Data are expressed as the mean ± SD from at least three separate experiments. Data were analyzed using Student's t test or one-way ANOVA. Values of P < 0.05 were considered statistically significant. 
Results
Expression of miR-491 is reduced in EC tissues
and B, we found that miR-491 expression was down-regulated and TPX2 was up-regulated in EC tissues (n=99). Total EC patients were divided into two groups using median mRNA level of miR-491 ( a median=0.3043) and TPX2 ( b median=3.0027) as threshold, respectively. The correlation between miR-491 (TPX2) expression and clinicopathological characteristics shown that there was markedly related to tumor stage (p<0.000) and metastasis (p<0.000) ( Table 1 ). In addition, we discovered that the expression of miR-491 was inversely correlated with TPX2 expression (R = -0.827; p < 0.0001; Fig. 1C ) in cancer samples. Thus, we speculated that miR-491 might be a critical tumor suppressor gene in EC.
MiR-491 regulates EC cell invasion but had no effect on cell proliferation
In our study, the expression of miR-491 was examined in five EC cell lines (Kyse140, TE-1, EC18, Eca-109, and HKESC1) and a normal esophageal cell line (NEEC) by using qRT-PCR. As shown in Fig 2A, the expression of miR-491 was reduced in all five EC cell lines, compared with the normal NEEC cell line. Here, the TE-1 and Eca-109 EC cell lines were chosen to investigate the effect of miR-491. Eca-109 and TE-1 cell lines were transfected with NC, miR-491 mimics, inhibitor NC and miR-491 inhibitor respectively. The qRT-PCR assay was used to confirm the transfection efficiency (Fig. 2B) . The cell viability was examined using the CCK8 mRNA expression levels in human EC tissues (T) and corresponding adjacent tissues (P) relative to U6 were determined by qRT-PCR analysis. (n=99, p<0.0001). U6 small nuclear RNA was used for normalization. C: A negative correlation was found between RNA expression of miR-491 and TPX2 in tumor samples (R = −0.827; P < 0.0001). Data are represented as mean±SEM.
Niu et al.: Low Expression of miR-491 Promotes Cell Invasion
Cellular Physiology and Biochemistry
Cellular Physiology and Biochemistry our study, we investigated the expression of mesenchymal markers, including N-cadherin and Vimentin and the epithelial marker, E-cadherin to determine whether miR-491 could regulate the molecular changes of EMT by using western blot assay. The western blot assay showed that up-regulated miR-491 resulted in elevated E-cadherin expression and decreased N-cadherin and Vimentin expression. Meanwhile, down-regulated miR-491 resulted in decreased E-cadherin expression and elevated N-cadherin and Vimentin expression ( Fig  2F) . Taken together, the result implied that aberrant expression of miR-491 could regulate the molecular changes of EMT in EC in vitro.
TPX2 is a potential target gene of miR-491
Using publicly available algorithms named microRNA.org (http://www.microrna.org/ microrna/), miRDB (http://mirdb.org/cgi-bin/), and DIANA-MICROT (http://diana.cslab. ece.ntua.gr/micro-CDS/), we focused on TPX2. Three previous studies showed that TPX2 is an oncogene and plays an important role in ESCC progression [17] [18] [19] [20] .
To assess whether TPX2 is regulated by miR-491, luciferase reporter assay and western blot analysis were used. First, according to results of prediction, we cloned the 3ʹ-UTR fragment containing the predicted site into pGL3 luciferase reporter vector (pGL3-TPX2). The 3ʹ-UTR fragment with mutant sequence was also cloned as a control group (pGL3-TPX2-MUT) in the predicted target site. The luciferase reporter assay revealed that the luciferase activity decreased in Eca-109 cells with miR-491 mimics and pGL3-TPX2 vectors. However, miR-491 mimics did not have any effect on luciferase activity when target cells were transfected with pGL3-TPX2-MUT vector (Fig. 3A) . Next, qRT-PCR and western blot assays were performed to verify the expression level of TPX2 responses to the changes of miR-491 expression both in TE-1 and Eca-109 cell lines. As shown in Fig. 3B , the assay showed a negative regulatory effect of miR-491 on TPX2. Both in mRNA and protein expression level, up-regulated miR-491 could decrease the level of TPX2; meanwhile, down-regulated miR-491 could increase TPX2 level. These data indicated that miR-491 bound directly to specific site in the 3′-UTR of TPX2.
Knockdown TPX2 by siRNA partially reverses the effect of miR-491 inhibition
To further confirm whether the functional role of miR-491 on cell lines was dependent on TPX2, we also conducted a rescue experiment. Thus, the expression of TPX2 was downregulated by RNA interference in cells which were transfected with miR-491 inhibitor. All the cells were co-transfected with miR-491 inhibitor and siRNA/TPX2; meanwhile, the transfection cells of miR-491 inhibitor and the co-transfection cells of miR-491 inhibitor and siRNA/control were regarded as the control groups. The western blot assay was used to evaluate the transfection efficiency (Fig. 4A) . The assay showed that TPX2 was significantly decreased both in cells co-transfected with miR-491 inhibitor and siRNA/TPX2 compared with the control groups. Furthermore, the transwell invasion assay was used to detect the cells invasive ability. The assay exhibited that the invasive ability indeed reversed to some extent when silenced TPX2 in cells transfected with miR-491 inhibitor compared with the control groups (Fig 4B) . All the results indicated that the potential role of miR-491 on EC cell lines was dependent on TPX2.
Discussion
Esophageal cancer is a major cause of cancer-related death in the world and is the fourth most lethal type of cancer in China [20] . The complications arising from metastasis were the major causes of death from cancer. It is well known that altered expression of miRNAs has been implicated in the regulation of EC biological processes [21] [22] [23] . miR-16 induced the suppression of cell apoptosis while promote proliferation in esophageal squamous cell carcinoma [24] . miR-625 down-regulation promotes proliferation and invasion in esophageal cancer by targeting Sox2 [25] . Liu et al. [13] has performed a miRNA array analysis of EC tissues and found that miR-491 was decreased in the tumor tissues compared with those in the paracancerous normal tissues. Here, in EC, we focused on providing evidence for miR-491 targeting of TPX2 to regulate the cells invasion.
An increasing number of studies demonstrated that miRNAs regulated multiple cellular pathways by affecting the expression of various target genes [26, 27] . miRNAs are considered as potential novel targets for cancer diagnosis and therapy [28, 29] . miR-491 could effectively target both Bcl-xL and TP53 and induce cell apoptosis independent of TP53 [30] . miR-491 and GIT1 serve as modulators and biomarkers for oral squamous cell carcinoma invasion and metastasis [31] . Here, miR-491 is reduced in EC tissues. However, the potential mechanism of miR-491 in EC still remains unclear. EMT is considered to be involved in migration, tumor invasion and dissemination [32] [33] [34] . Decreased E-cadherin and elevated Vimentin and N-cadherin expression is one hallmark of EMT which is a key element in the cancer invasion [35] . Many studies established functional associations between noncoding microRNAs and key effectors of EMT occurring in the context of carcinogenesis and embryonic development, such as miR-200 [36] and miR-10b [37] . In this study, expression of miR-491 in EC specimens was significantly lower than in corresponding adjacent tissues. Up-regulated miR-491 expression resulted in increased E-cadherin expression and decreased N-cadherin and Vimentin expression. Meanwhile, suppressed miR-491 expression resulted in decreased E-cadherin expression and increased N-cadherin and Vimentin expression. In addition, TPX2 expression is increased in EC tissues. In human tumors, over-expression of TPX2 plays an important role in carcinogenesis and malignant progression. Especially in EC, Liu et al. had successfully silenced TPX2 gene in EC cell lines by RNAi technique. Their results showed that TPX2 siRNA could effectively inhibit the invasion and metastasis of EC cell lines, and may become a new approach for treatment of EC. In our study, we found that TPX2 is one target gene of miR-491 and miR-491 could regulate the EC development by targeting TPX2 gene. In summary, we described, for the first time, that miR-491 was decreased in our 99 EC cases, and was related to tumor stage and metastasis. In vitro, abnormal expression of miR-491 controlled the cells invasive ability and regulated the markers of EMT in human EC cell lines. Additionally, we identified TPX2 as a direct and functional target of miR-491. Finally, we also revealed that TPX2 suppression was essential for down-regulated miR-491-induced cell invasion in EC. Based on all these findings, we proposed the regulatory function of miR-491 on TPX2 by direct binding of its 3`UTR. As the limit on the number of EC tissues and cell types, further study is required to explore the underlying role of miR-491 in the progression of EC. In future, miR-491-TPX2 pathway that we studied might be used as a therapeutic approach for EC. 
